LIQUID CRYSTAL-SOLUBLE PARTICLE, METHOD FOR MANUFACTURING THE 
SAME AND LIQUID CRYSTAL DEVICE ELEMENT 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a high speed response 
liquid crystal device element having frequency dependency, in 
addition to amplitude of driving voltage, to an electro-optical 
response and related to liquid crystal-soluble particles for 
doping into a liquid crystal of this liquid crystal device element, 
and a method for manufacturing the same. 

Description of the Related Art 

In an electro-optical device element or a display device 
element using a liquid crystal, a liquid crystal is filled into 
a liquid crystal cell. A liquid crystal cell using a nematic 
liquid crystal is widely used mainly as a matrix liquid crystal 
displays (hereinafter, referred to as "LCDs" in some cases) in 
computer monitors, televisions, and mobile equipments such as 
portable telephones and the like. 

However, an LCD using a nematic liquid crystal (hereinafter, 
referred to as "NLCDs" in some cases) has a problem that its 
time constant is as long as 12 ms to 200 ms, indicating slow 
response speed, consequently, moving video images cannot be 
displayed sufficiently. 

As a method for increasing the speed of an electro-optical 
response of a liquid crystal device element, there are trials 
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of using (1) ferroelectric liquid crystal, (2) nematic bent mode, 
(3) flexo electric effect, (4) dual frequency driving and other 
modes (see M. Schadt, Mol. Cryst. Liq. Cryst. 89(1982), 77). 
Ferroelectric liquid crystal, nematic bent mode, flexo electric 
effect and the like depend only on amplitude of driving voltage 
or the average value of the amplitude and do not depend on frequency . 
Modes such as dual frequency driving and the like depend on 
frequency. 

Regarding a ferroelectric liquid crystal as a high speed 
response LCDs, it has become apparent that a defect-free polymer 
stable ferroelectric liquid crystal device element by Shunsuke 
KOBAYASHI et al. shows a high speed response and manifests 
excellent practicability, as described in "Next generation 
liquid crystal display", Shunsuke KOBAYASHI ed., KYORITSU 
SHUPPAN CO., LTD., Sep. 2002, chapters 4 and 8. However, the 
nematic bent mode and flexo electric effect are not in practical 
use yet. 

Moreover, the dual frequency driving mode is a mode of 
imparting frequency dependency as an electro-optical property 
by a mixture of liquid crystals. However, since usable liquid 
crystal substances are limited, this mode is not yet in practical 
use because the frequency range cannot be selected freely, 
operating voltage is high, and frequency dependency of on-off 
is reverse, namely, this mode has not reached practical use. 

The present inventors have noticed, as a method for solving 
the above mentioned problems, that if driving of frequency 
modulation mode is made possible, a high speed electro-optical 
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response can be obtained by switching the frequency of applied 
electric field (voltage) . According to this method, contrast 
ratio of an electro-optical response can be continuously changed 
by varying applied electric field amplitude by conventional 
methods. And additionally, a liquid crystal device element of 
such a frequency modulation mode can be driven by an active matrix 
mode , simultaneously . 

On the other hand, NLCDs showing a frequency modulation 
response have been already reported by Shunsuke KOBAYASHI (H. 
YOSHIKAWA et al . , Jpn. J. Appl. Phys . , 41(2002) L1315 and Y. 
SHIRAISHI et al . , Appl. Phys. Lett., 81(2002) 2845). However, 
only palladium nanoparticles are used in these references, and 
in this system, the frequency modulation range is limited to 
10 Hz to 100 Hz, therefore, the range of application and practical 
use is limited. 

As a result of the above-described matters, it is desired 
to provide a liquid crystal device element of frequency modulation 
mode enabling control of on-of f of an electro-optical response 
at high speed by switching the frequency of applied electric 
field and further, capable of changing a frequency modulation 
range freely from several Hz to several kHz or more. 

SUMMARY OF THE INVENTION 

The present inventors have intensively studied in view 
of the above mentioned conditions. And resultantly found that, 
without changing various operating mode conventionally used, 
a frequency dependency of a wide range can be imparted to an 
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electro-optical response by adding and dispersing nanoparticles, 
protected with a liquid crystal molecules or liquid crystal-like 
molecules, into a liquid crystal layer and that a high speed 
electro-optical response can be obtained by switching the 
frequency of applied electric field, thus leading to completion 
of the invention . 

That is, the present invention provides a liquid 
crystal-soluble particle comprising: a core composed of one or 
a plurality of nanoparticles; and a protective layer composed 
of liquid crystal molecules or liquid crystal-like molecules 
provided on its periphery. 

On the above mentioned liquid crystal-soluble particle, 
it is preferable that the diameter of the core is 1 nm to 100 
nm, and it is preferable that the short axis width of the liquid 
crystal molecule or liquid crystal-like molecule is equal to 
or less than the diameter of the core. 

The present invention also provides a method for 
manufacturing a liquid crystal-soluble particle, wherein the 
nanoparticle is a metal nanoparticle made of metal and a plurality 
of metal ions are reduced in a solution containing the liquid 
crystal molecules or liquid crystal-like molecules to allow the 
liquid crystal molecules or liquid crystal-like molecules to 
bond to the periphery of the metal nanoparticle to form a 
particles . 

In this case, it is preferable that the metal nanoparticle 
is made of at least one kind of metal atom selected from Ag, 
Pd, Au, Pt, Rh, Ru, Cu, Fe, Co, Ni, Sn and Pb. Further, it is 
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preferable that the metal ion is chosen from at least one metal 
salt among metal halides, metal acetates, metal perhalogenates, 
metal sulfates, metal nitrates, metal carbonates and metal 
oxalates, as a starting raw material. 

The present invention also provides a liquid crystal device 
element comprising: a pair of parallel substrates; a conductive 
layers provided respectively on facing inner surfaces of these 
substrates; liquid crystal alignment layers provided 
respectively with pre-tilt angle on facing inner surfaces of 
these conductive layers; and a liquid crystal layer formed in 
between these pair of liquid crystal alignment layers, 

wherein the liquid crystal-soluble particles according 
to any of Claims 1 to 3 are dissolved or dispersed in the liquid 
crystal layer. 

In this case, it is preferable that a control circuit of 
applying voltage, while modulating at least frequency among 
frequency and voltage, is provided on the conductive layer for 
varying light transmittance of the liquid crystal layer, and 

under a constant applied voltage, an electro-optical 
response is turned on by switching the frequency of applied 
electric field from low frequency to high frequency, and the 
electro-optical response is turned off by switching the frequency 
from high frequency to low frequency. 

In the liquid crystal device element of the present 
invention, the liquid crystal-soluble particles constituted of 
a core composed of nanoparticles and liquid crystal molecules 
or liquid crystal-like molecules provided on its periphery are 
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dissolved or dispersed in a liquid crystal layer. Therefore, 
on-of f of a high speed electro-optical response can be controlled 
by switching the frequency of applied electric field. 

In the above mentioned liquid crystal device element, it 
is preferable that a time constant of response concerning turning 
the electro-optical response on and off is in a range of 0.1 
ms to 10 ms, and it is preferable that a frequency modulation 
range of the electro-optical response is in a range of 20 Hz 
to 100 kHz. Further, it is preferable that the nanoparticle 
constituting the liquid crystal-soluble particle is at least 
one kind of metal atom selected from Ag, Pd, Au, Pt, Rh, Ru, 
Cu, Fe, Co, Ni, Sn and Pb. 

The present invention further provides a method for driving 
a liquid crystal device element , wherein the liquid crystal device 
element according to Claim 8 is driven by using an active matrix 
mode . 

According to the present invention, on-off of an 
electro-optical response of a liquid crystal device element can 
be controlled not only by applied voltage but also by its frequency. 
Moreover, by varying the kind, combination and concentration 
of nanoparticles, a controllable frequency range can be freely 
selected between several Hz and several hundreds kHz. 

The liquid crystal device element of the present invention 
can perform high speed switching of 10 times to 100 times faster, 
as compared with conventional device elements, by switching the 
frequency of appliedelectric field. Sucha liquidcrystal device 
element of the present invention can be applied to all types 
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of operating modes, and can realize a high speed response. This 
high speed response mode can be applied to a nematic liquid crystal 
display modes . Further , also in a case of a ferroelectric liquid 
crystal display, since normal dielectric property and 
f erroelectricity are combined in operation, a high speed response 
can be realized by applying the present mode. These liquid 
crystal device elements can all driven by an active matrix mode. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic sectional view showing one example 
of the liquid crystal device element of the present invention. 

FIG. 2 is a schematic view showing one example of the liquid 
crystal-soluble particle of the present invention. 

FIG. 3 is a view showing a relative light transmittance 
in relation to an applied effective value voltage in an example 
of the present invention. 

FIG. 4 is a view showing an electro-optical response wave 
form in an example of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

The liquid crystal device element of the present invention 
will be explained in detail below. 
[1] Liquid crystal device element 

The liquid crystal device element of the present invention 
is a liquid crystal device element comprising a pair of parallel 
substrates; conductive layers provided respectively on facing 
inner surfaces of these substrates; liquid crystal alignment 
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layers provided respectively with pre-tilt angle on facing inner 
surfaces of these conductive layers; and a liquid crystal layer 
formed in between these pair of liquid crystal alignment layers, 
wherein liquid crystal-soluble particles, comprising a core 
composed of nanopart icles and a liquid crystal molecules or liquid 
crystal-like molecules provided on its periphery, are dissolved 
or dispersed in the above mentioned liquid crystal layer. And 
thus manufactured complex body (mixed system) is a liquid crystal 
device element wherein a control circuit of applying voltage 
while modulating at least frequency among frequency and voltage 
is provided for varying light transmittance of the liquid crystal 
layer, and under a constant applied voltage, an electro-optical 
response as a light modulating device element is turned on by 
switching the frequency of applied electric field from low 
frequency to high frequency, and the electro-optical response 
is turned off by switching the frequency from high frequency 
to low frequency. Under this state, an electro-optical response 
can be varied also by varying voltage. 

In the present invention, by protecting these nanoparticle 
with a liquid crystal molecules or liquid crystal-like molecules, 
when frequency dependency is imparted to an electro-optical 
response of a liquid crystal device element, by way of dissolving 
or dispersing nanoparticles in a liquid crystal layer, dispersion 
of nanoparticles in a liquid crystal layer can be improved and 
a free selection of controllable frequency range in a range of 
several Hz to few score kHz or more becomes possible. 

The reason, why the nanoparticles thus can impart frequency 
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dependency to an electro-optical response of a liquid crystal 
device element, will be described below. 

At the interface between a matrix liquid crystal and 
nanoparticles, oscillating electric dipoles are formed by 
applied alternating electric field. Consequently, excess Debye 
type dielectric dispersion by nanoparticles is generated. In 
this case, excess dielectric dispersion by nanoparticles is 
generated in a frequency range near cox=l, and its relaxation 
time is represented by the following formula when the dielectric 
constant of a matrix liquid crystal is z lr its conductivity is 
CTi, and the dielectric constant of a nanoparticle is 82, its 
conductivity is 02- 

2e 1 + e 2 
x = ' 

2 o x +a 2 

This phenomenon is known as a Maxwell-Wagner effect 
relating to an inhomogeneous dielectric materials, and in the 
present invention, a relaxation time constant of excess 
dielectric dispersion in a liquid crystal layer is controlled 
by the kind and concentration (number of particles per unit volume) 
of nanoparticles, and by this, an electro-optical response of 
a liquid crystal device element can be imparted with a frequency 
dependency. In this mechanism, in the present invention, by 
protecting nanoparticles with a liquid crystal molecule or liquid 
crystal-like molecule, dispersion of nanoparticles in a liquid 
crystal layer can be improved, and a frequency modulation in 
a wider range becomes possible. In this treatment, such a 
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frequency modulation property of photoconductivity can be 
changed by irradiation with light, in a case of nanoparticles . 

By this, brightness of display can be continuously changed 
by the frequency of applied electric field. Further, the 
electro-optical response of a liquid crystal device element can 
be turned on by switching the driving frequency from low frequency 
to high frequency and can be turned off by switching the frequency 
from high frequency to low frequency. A high speed response 
of 10 times to 100 times, as compared with conventional device 
elements, can be realized. 

FIG. 1 shows a schematic sectional view of a liquid crystal 
device element driven by an active matrix mode, as one example 
of the liquid crystal device element of the present invention. 
A pair of parallel substrates la, lb and, on facing inner surfaces 
thereof, transparent conductive layers 3a, 3b are provided. On 
facing inner surfaces of the transparent conductive layers, 
liquid crystal alignment layers 4a, 4b are provided and a liquid 
crystal layer 2 is placed in between these liquid crystal alignment 
layers 4a, 4b. In the liquid crystal layer 2, liquid 
crystal-soluble particles NP are dispersed. On the substrate 
la, a thin film transistor (TFT) Q7 and a pixel electrode PX 
(transparent conductive layer 3a) are placed. On the upper 
substrate lb, a black stripe BS is placed on the side contacting 
with the liquid crystal layer, and a transparent conductive layer 
3b and a color filter 5 are placed in between the substrate lb 
and the liquid crystal alignment layer 4b. On the outside of 
both substrates, two polarizing sheets 6a, 6b are placed. 
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Hereinafter, each component of the liquid crystal device element 
of the present invention will be described specifically referring 
to FIG . 1. 

(1) Liquid crystal layer 

The liquid crystal layer 2 used in the present invention 
is constituted of liquid crystal-soluble particles NP comprising 
a core composed of nanoparticles and liquid crystal molecules 
or liquid crystal-like mo'lecules provided on its periphery, the 
liquid crystal-soluble particles being dissolved or dispersed 
in a matrix liquid crystal . Dielectric anisotropy of the matrix 
liquid crystal and the liquid crystal molecule or liquid 
crystal-like molecule provided on the periphery of nanoparticles 
maybe positive or negative, and for enabling wider range frequency 
modulation, it is preferable that they show mutually opposite 
property. 

Examples of the matrix liquid crystal include 
cyanobiphenyls, cholesteryl esters, carbonates, phenyl esters, 
Schiff bases, benzidines, azoxybenzenes, ferroelectric liquid 
crystals having a chiral group, liquid crystal polymers and the 
like. 

The liquid crystal-soluble particle is constituted, as 
shown in FIG. 2, a core 11 composed of one or a plurality of 
nanoparticles and a protective layer 12 composed of liquid crystal 
molecules or liquid crystal-like molecules 10 provided on its 
periphery. 

Here, the diameter dof the core 11 composedof nanoparticles 
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is 1 nm to 100 nm. 

The protective liquid crystal molecule or liquid 
crystal-like molecule 10 is variously selected as described later, 
and the short axis width of the liquid crystal molecule or liquid 
crystal-like molecule 10 is set to be equal to or less than the 
diameter of the above mentioned core 11. 

Nanoparticles are not particularly limited as long as these 
are fine particles having a particle diameter smaller than 100 
nm, and listed are metal nanoparticles, semi -metal nanoparticles, 
semiconductor nanoparticles, inorganic nanoparticles and 
organic nanoparticles. These nanoparticles may be used singly 
or in combination of two or more. The semi -metal includes Bi, 
Teand the like, the semiconductor includes CdS, CdSe, themagnetic 
particle includes FePt, CoPt, MPt, MPd, the inorganic substance 
includes Fe 2 0 3 , TiC>2, AI2O3, Si0 2 , and the organic substance 
includes C 60 system, carbon nanotube and the like. Among them, 
the metal nanoparticles are preferably used since an 
electro-optical response in wider frequency modulation range 
can be realized. And more preferably, at least one metal atom 
selected from Ag, Pd, Au, Pt, Rh, Ru, Cu, Fe, Co, Ni, Sn and 
Pb is mentioned. Among these metal atoms, Ag, Pd and Cu are 
preferably used singly or in admixture, and particularly Ag is 
preferable since its frequency modulation range is extremely 
wide. And a frequency modulation range corresponding to use 
can be freely selected by changing a combination of Ag with other 
metal atoms, for example, Pdand the like and concentration (number 
of particles per unit volume) . 
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Specif ically, pentylcyanobiphenyl as a protective liquid 
crystal molecule, Ag as a metal nanoparticle, and a molar ratio 
of liquid crystal molecule to metal of 5 to 50 and an addition 
concentration of 1 wt% to 3 wt%, are selected. 

In the above mentioned case, the core 11 is constituted 
of metal ions such as Pd and the like, and to obtain from metal 
ions, halides of the above mentioned metals, and metal salts 
of various acids such as metal acetates, metal perhalogenates, 
metal sulfates, metal nitrates, metal carbonates, metal oxalates 
and the like may be advantageously used as a starting material. 

In the case of nanoparticles of inorganic substances 
(oxide) or conpound semiconductors other than metal, it is 
synthesized by carrying a reaction of bulk-synthesis of them 
in the presence of polyvinylpyrrolidone. 

As the liquid crystal molecule or liquid crystal-like 
molecule 10 constituting the protective layer 12, at least one 
of, for example, cyanobiphenyls such as 

4-cyano-4' -n-pentylbiphenyl, 4-cyano-4' -n-heptyloxybiphenyl 
and the like; cholesteryl esters such as cholesteryl acetate, 
cholesteryl benzoate and the like; carbonates such as 
4-carboxyphenyl ethyl carbonate, 4-carboxyphenyl n-butyl 
carbonate and the like; phenyl esters such as phenyl benzoate, 
biphenyl phthalate and the like; Schiff bases such as 
benzyl idene-2-naphthylamine, 

4' -n-butoxybenzylidene-4-acetylaniline and the like; 
benzidines such as N, N' -bisbenzylidenebenzidine, 

p-dianisarbenzidine and the like; azoxybenzenes such as 
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4,4' -azoxydianisole, 4,4' -di-n-butoxyazoxybenzene and the 
like; liquid crystal polymers such as 

poly (p-phenyleneterephthalamide) and the like is used. Liquid 
crystal-like molecules having a structure resembling that of 
liquid crystal molecules such as 4-mercapto-4 ' -n-biphenyl, 
4-cyano-4' - (co-mercaptopentyl ) biphenyl and the like can also be 
used. 

Among these liquid crystal molecules or liquid 
crystal-like molecules, liquid crystal molecules or liquid 
crystal-like molecules 10 showing a strong mutual action with 
metals are preferable in the case of using metal nanoparticles, 
and for example, aromatic or aliphatic liquid crystal molecules 
or liquid crystal-like molecules having a cyano group, thiol 
group, amino group, carboxyl group and the like are mentioned. 

A liquid crystal-soluble particle is formed by reducing 
a plurality of metal ions in a solution containing the liquid 
crystal molecule or liquid crystal-like molecule 10 to bond the 
liquid crystal molecule or liquid crystal-like molecule to the 
periphery of the core 11. 

The using amount of the liquid crystal molecule or liquid 
crystal-like molecule 10 may be 1 mol or more, preferably 1 to 
50 mol per 1 mol of metal constituting the core 11. When the 
liquid crystal molecule or liquid crystal-like molecule 10 is 
a polymer, the using amount is determined in terms of mol number 
per unit monomer. 

As the solvent for forming a metal ion-containing liquid, 
water, alcohols, ethylene glycols and ethers are listed. 
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The content of the above mentioned liquid crystal-soluble 
particle in a liquid crystal layer may be appropriately selected 
depending on use, and it is 10 wt% or less, preferably 5 wt% 
or less, more preferably 1 wt% or less based on a matrix liquid 
crystal - 

(2) Substrate 

It is preferable that at least one of the substrates la 
and lb is transparent, and the substrate is constituted of glass 
or transparent resin having a thickness of about 1 mm. 

(3) Conductive layer 

It is preferable that the conductive layer is transparent, 
namely, has high visible light transmittance, and has high 
electric conductivity. Specifically, materials such as ITO, 
ZnO, In2C>3-ZnO and the like are used, and a membrane is formed 
by a sputtering method and the like. 

The conductive layer functions as an electrode of a liquid 
crystal device element, and when the liquid crystal device element 
of the present invention is driven by an active matrix mode, 
an conductive layer provided on an inner surface of the lower 
substrate constitutes a pixel electrode and a tow-dimensional 
array of switching device elements such as a thin film transistor 
(TFT) and the like. 

Further, a black stripe placed on the side contacting a 
liquid crystal layer of the upper substrate lb absorbs an external 
ray to decrease reflection light from a screen (reduction of 
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influence by external light) , and allows efficient transmission 
of light from the rear surface to the front surface of a screen 
by a lenticular lens. The black stripe is made, for example, 
of a resin black and metal such as chromium and the like manifesting 
relatively low reflectance, and provided so as to compart 
(boundary) each dye layer of R, G and B of a color filter 5. 

(4) Liquid crystal alignment layer 

The liquid crystal alignment layer is treated so as to 
give horizontal or vertical alignment with pre-tilt angle 
depending on the operatingmode of a liquid crystal device element, 
and may be provided on at least one of two substrates . The liquid 
crystal alignment layer is usually formed by known methods such 
as, for example, coating and calcination of a polyimide and the 
like. 

(5) Polarizing sheet, color filter and the like 

Polarizing plates 6a, 6b are provided on both sides of 
a substrate, however, when used in reflection type, a light 
reflecting plate is placed on the lower substrate la, and one 
polarizing plate may be used. 

Moreover in between the substrate lb and the conductive 
layer 3b, a color filter 5 for displaying colors of R, G, B (Red, 
Green, Blue) is provided. 

The control circuit used in the present invention is a 
control circuit capable of applying voltage while modulating 
at least frequency among frequency and voltage. 
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The cell gap in between the liquid crystal alignment layers 
4a, 4b is about 5 pm. In FIG. 1, a spacer for forming the cell 
gap and a sealing material for sealing a liquid crystal in each 
cell are not shown. 

[2] Property of liquid crystal device element 

The liquid crystal device element of the present invention 
has the above mentioned constitution, and consequently, under 
a constant applied voltage, the electro-optical response is 
turned on by switching the frequency of applied electric field 
from low frequency to high frequency, and the electro-optical 
response is turned off by switching the frequency of applied 
electric field from high frequency to low frequency. 

The reason, why such control of on-of f of an electro-optical 
response is possible, is that by applying a predetermined voltage 
to a conductive layer and between pixel electrodes from a control 
circuit, the alignment direction of a liquid crystal molecule 
of liquid crystal-soluble particles contained in a liquid crystal 
layer changes, and the alignment angle is adjusted depending 
on the frequency of applied electric field at the time. A liquid 
crystal molecule of a matrix liquid crystal is aligned in a 
direction perpendicular to a liquid crystal-like molecule of 
a liquid crystal-soluble particle, and scattering of a light 
transmitted through a liquid crystal layer changes . Thus, light 
transmittance of a liquid crystal device element of the present 
invention is thus modulated depending on the frequency of applied 
electric field. 
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In the present invention, the time constant of a response 
in relation to on and off of an electro-optical response can 
be 0.02 ms to 10 ms, preferably 0.1 ms to 5 ms, more preferably 
0.1 ms to 1 ms, and an electro-optical response time constant 
corresponding to an use can be obtained by controlling the kind 
and combination of nanoparticles used for a liquid 
crystal-soluble particle, and in the case of using two or more 
kinds of nanoparticles, by controlling its concentration. 

In the present invention, the frequency modulation range 
of an electro-optical response can be 20 Hz to 100 kHz, preferably 
20 Hz to 50 kHz, more preferably 20 Hz to 10 kHz, and frequency 
modulation corresponding to an use can be obtained by controlling 
the kind and combination of nanoparticles used for a liquid 
crystal-soluble particle, and in the case of using two or more 
kinds of nanoparticles, by controlling its concentration. 

In the liquid crystal device element of the present 
invention, frequency modulation can thus be set in a wider range. 
Consequently, when the value of applied voltage is appropriately 
selected, the contrast ratio of an electro-optical response can 
also be varied continuously, therefore, an electro-optical 
response of half tone can also be obtained. In this case, half 
tone display is realized by frequency modulation itself or by 
a combination of this with voltage amplitude modulation, since 
the range of frequency modulation is widened, and the degree 
of freedom of its selection is increased. 

The operating mode of the liquid crystal device element 
of the present invention is not particularly limited. In an 
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operating mode using a nematic liquid crystal such as twisted 
nematic (TN) LCD, STN-LCD, VAN-LCD and the like, or in an operating 
mode using a ferroelectric liquid crystal such as a chiral smectic 
liquid crystal such as FLCD and the like, a system in which the 
dielectric constant or its anisotropy of a matrix liquid crystal 
depends on the frequency of applied electric field can improve 
the response speed by switching of the frequency of applied 
electric field. 

[3] Method for driving of liquid crystal device element 

Next, a method for driving the liquid crystal device element 
of the present invention by using an active matrix mode will 
be described. 

As the liquid crystal device element driven by an active 
matrix mode, that in which a thin film transistor (TFT) Q7 and 
a pixel electrode PX (transparent conductive layer 3a) are place 
on the lower substrate, is used among the above mentioned liquid 
crystal device elements. 

In the active matrix mode, a liquid crystal device element 
is driven by applying predetermined voltage to each of a plurality 
of drain electrodes and gate electrodes provided for every pixel, 
and an conductive layer placed on the side facing a liquid crystal 
layer. 

For example, a gate signal is imparted to an Xi electrode 
of X-Y matrix display, and signal voltage is applied to a Yj 
electrode. In this case, a signal voltage v ±j (t±, A t , fj k ) is 
imparted. In the present invention, by switching the frequency 
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fj k between fj 1 and fj 2 in this procedure, on-off of an 
electro-optical response of a liquid crystal device element can 
be realized. 

Further, by changing the amplitude of a signal voltage 
vij (ti, A t , fj k ) in this procedure, an electro-optical response 
of half tone can be obtained. In this signal voltage, time is 
in ti+A t , amplitude is Vij and its frequency is fj k . 

The present invention is not limited to the above mentioned 
embodiments . The above mentioned embodiments are only examples , 
and any embodiment, which has substantially the same constitution 
and similar function and effect as the technological idea 
described in claims of the present invention, is included in 
the technological range of the present invention. 

EXAMPLES 

The present invention will be explained further 
specifically using the following examples. 
(Example 1) 

An effect of the invention was confirmed by TN-LCD, 
ECB (TB) -LCD, GH-LCD as LCDs using a nematic liquid crystal. 
Hereinafter, an example employing TN-LCD will be explained. 

Pentylcyanobiphenyl (hereinafter, referred to as "5CB" 
in some cases) was used as a matrix liquid crystal and a liquid 
crystal device element, wherein a thickness of liquid crystal 
is 5 |am, using silver (Ag) as a nanoparticle and 5CB as a liquid 
crystal for protecting the nanoparticle, was manufactured. 

According to the following method, the light relative 
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transmittance in relation to applied effective value voltage 
and an electro-optical response wave form were measured. The 
results are shown in FIG. 3 and FIG. 4. 

[1] Light relative transmittance in relation to effective value 
of applied voltage 

Light relative transmittance in relation to effective 
value of applied voltage was measured using the frequency, when 
the amount of an Ag nanoparticle is 1 wt%, as a parameter. 

[2] Electro-optical response wave form 

Electro-optical response wave forms of fi — > f2 (rising, 
bright — > dark) and f 2 —> fi (falling, dark bright) are shown 
when the effective value of applied voltage is 4V, and the 
frequency fi = 10 Hz and f 2 = 12 kHz. The rising response time 
is 2.6 ms and the falling response time is 9.2 ms. 
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